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57 ABSTRACT 
A decoder input circuit has a continuous mode of op 
eration to receive an asynchronous data bit stream 
having isochronous data bits. An internal clocking ar 
rangement is synchronized with the start bit of each of 
a continuous series of data words included in the 
stream. Each data word bit is clocked into a tempo 
rary storage register for readout to a decoder. The 
storage register is cleared at the end of each data word 
and the cycle is repeated as a start bit logic is received 
following the end bit logic. When a start bit logic is 
not received, the storage register continues to be 
loaded with the number of data bit intervals included 
in each data word so that the input circuit is recycled 
for resynchronizing with the next following start bit. 
The input circuit is maintained in coincident operation 
in the event that a start bit is missed. 

9 Claims, 3 Drawing Figures 
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DECODER INPUT CIRCUIT FOR RECEIVING 
ASYNCHRONOUS DATA BIT STREAMS 

BACKGROUND OF THE INVENTION 

When transmitting data in continuous serial binary 
encoded data words, it is necessary to identify and syn 
chronize the decoding station with each data word 
being received. In certain types of asynchronous data 
transmission, the data clocking system at the decoding 
station includes an internal clock pulse source having 
a frequency which matches the rate at which the data 
bit intervals are transmitted. The clocking pulses can 
be counted to correspondingly count the bit intervals 
of each data word and therefore remain in synchroniza 
tion with each data word of the received data bit 
stream. In asynchronous data transmissions, generally, 
it is also known to encode the first or start bit interval 
in one logic state, for example, a '1' bit, and the end 
bit interval with the opposite logic state, for example a 
'0' bit with the information of each transmitted data 
word being encoded between the start and end bits. 
The end bit intervals can be made to have a time dura 
tion greater than that of the data word bits, however, 
when they are the same duration the data bits are iso 
chronous and this data transmission is referred to 
herein as an isochronous type of asynchronous data 
transmission. When a large predetermined number (M) 
of data words is being transmitted the total bit stream 
includes the number of data words times the number of 
bit intervals (N) in each word which may be expressed 
as MX N bits comprising a bit stream. When the bit 
stream includes several thousand bits it is possible that 
a start bit may be missed or when the rate at which the 
bit stream is transmitted is varied causing a phase shift 
of the start bit it is possible that the following transmit 
ted data words may be lost at the decoding station. 
Also, if the internal clock is synchronized to a data bit 
interval which is not at the start bit interval the subse 
quent transmitted data words are erroneously decoded. 
It is therefore desirable to have a data clocking system 
in the input circuit at a decoding station which remains 
synchronized with the serial isochronously transmitted 
data words and can be resynchronized with the re 
ceived data words in the event a start bit logic fails to 
resynchronize the internal clock. 

SUMMARY OF THE INVENTION 

In accordance with this invention, a data clocking 
system for the input circuit of a decoding station re 
ceiving an isochronous type of asynchronously trans 
mitted data bit stream is provided with a synchronizing 
pulse generator having an enabling circuit input which 
is operable at the beginning of each start bit interval of 
a data word. An internal clock has a frequency substan 
tially corresponding to the rate at which the data bit in 
tervals are transmitted. A clock counter counts the N 
bit intervals of a data word and thereupon triggers the 
enabling circuit so that a synchronizing pulse is gener 
ated with each start bit logic being received at the start 
bit interval. The synchronizing pulse is only triggered 
when a start bit logic follows the opposite logic state of 
an end bit interval during a predetermined enabling 
time period. The data word is clocked into a storage 
register under control of the clock counter. The clock 
counter signals the end of the data word storage for 
readout to a decode circuit and clears the storage regis 
ter for the next data word and resets the clock counter. 
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Upon reaching the enabling time period and in the ab 
sence of a start bit logic, the synchronizing pulse is not 
generated. The clock generator continues to run and 
the clock counter begins counting the next word bit in 
tervals. The logic of each data bit interval appearing at 
the storage register is clocked in. At the end of the data 
word interval the circuit is again reset so that the next 
start bit logic of a data word will again initiate a syn 
chronizing pulse to synchronize the clock pulse genera 
tor and the storage register read-in of the data bit 
Stream. 

It is a general feature of this invention to provide a 
clocking system for a decoder input circuit receiving an 
isochronous type of asynchronously transmitted data 
bit stream by synchronizing an internal clock pulse gen 
erator with the transition between the end bit logic of 
a preceding data word and the start bit logic of a fol 
lowing data word and wherein the data bit intervals for 
a data word not commencing with the normal end bit 
and start bit logic transition are continued to be read 
into a receiving storage register by the clock pulse gen 
erator without being resynchronized. A further feature 
of this invention includes alternative modes of opera 
tion either in a continuous data clocking mode when 
receiving an isochronous data bit stream or in a start 
stop data clocking mode when receiving an asychro 
nous data bit stream where the end bits are longer than 
one data bit interval. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block circuit diagram of a data transmis 
sion system including a decoder input having a data re 
ceiving circuit made in accordance with this invention; 
and 
FIGS. 2A and 2B taken together comprise a logic cir 

cuit diagram of the data receiving input circuit shown 
in FG 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a block circuit diagram of a data transmis 
sion system 10 for transmitting a data bit stream 12 be 
tween a remote data encoding location 14 and a central 
data decoding location 16. A group of M number of 
utility meters 18 indicate measured information which 
is encoded into a binary data word format by digital en 
coders 20 each associated with one of the meters 18. 
Under control of a data transmission control circuit 22 
the encoded meter information is transmitted in a serial 
asynchronous mode from a data set at the remote loca 
tion 14 to a transmission line 26. The frequency at 
which the data bit stream is transmitted is controlled by 
the 60 hertz frequency of a commercially available 
power source power line 28. 
The data bit stream 12 includes data words which are 

transmitted in a continuous stream of data bit intervals 
where each data word includes N bit intervals. For pur 
poses of illustration the data words in the illustrated 
data bit stream 12 include eight bit intervals, however, 
in a preferred embodiment the data words include 16 
bit intervals as described in detail hereinbelow. Each 
data word in the bit stream 12 includes a start bit inter 
val which is always encoded in the 1 logic state and an 
end bit interval which is encoded at the 0 logic state. 
There are M number of data words in the bit stream 12 
corresponding to the M number of meters requiring en 
coded data transmission. Accordingly, the information 
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associated with each of the meters 18 is encoded be 
tween the start and end bits of the associated meter 
data word. 
Each word is then distinguished in the data bit stream 

by a 0 end bit and a 1 start bit. Since there is no clock 
ing pulses transmitted with the data bit stream 12 this 
type of transmission as understood by those skilled in 
the art to be of the asynchronous mode of data trans 
mission. This is distinguished from a synchronous mode 
of transmission where the data bit intervals of a data bit 
stream are synchronized with clocking pulses which are 
transmitted along with the information bearing bits. 
Further, in an isochronous transmission mode each 
data bit interval has an identical period or duration. 
When variations occur in the interval between adjacent 
data words, as provided when the end bit is two or three 
bit intervals, for example, the more general type of 
asynchronous transmission is provided. This invention 
is capable of receiving either type as described below. 
At the central data decoding location 16 the transmis 
sion line 26 is terminated along with similar transmis 
sion lines 26A and 26B from other remote data encod 
ing locations at a receiving data set 31. Typically, the 
data sets 24 and 31 are connected to a telephone type 
of transmission line 26 and transmit the binary coded 
data by means of frequency tones which are converted 
back to two-state binary signals having either of two 
voltage levels, for example, a predetermined positive 
voltage level for the 1 data bit logic state and a less pos 
itive or substantially zero voltage level for the 0 data bit 
logic state. At the central location 16 a data decoder, 
for example, a digital computer 32 is provided for re 
ceiving the meter encoded information in a parallel for 
mat that is transmitted in the serial format of the bit 
stream 12. The computer 32 decodes the meter infor 
mation of each data word into a useful readout for use, 
for example, in billing customers of the utility meters 
18. 
A data receiving input circuit 34 is connected to the 

input of the computer 32 to demultiplex and condition 
each data word logic which is multiplexed in a time di 
vision like serial fashion in the data bit stream 12. The 
data bits of each data word are received on a data input 
line 36 in the series isochronous or more general asyn 
chronous transmitted format and are stored in a paral 
lel data bit format for read in on the lines 38 to the 
input of the computer 32. The data receiving input cir 
cuit 34 of this invention includes an additional input 
line 40 for receiving a carrier detector logic signal from 
the data set 31. This signal originates in the received 
line signal detector circuit of data set 31 when the data 
set 24 indicates that a communication link has been es 
tablished. Also, the computer 32 transmits a set control 
signal (STC) on line 42 and a clear control signal 
(CLC) on a line 44 to signal the input circuit 34 when 
the computer 32 is ready to receive information. An 
address signal line 46 from the computer 32 provides 
an enabling pulse to address or select a computer input 
from the input circuit 34 when the computer is ready 
for the data bit readout on the lines 38. A flag signal 
output on line 48 is generated from the input circuit 34 
to the computer 32 to indicate that the data word logic 
on the lines 38 is completed and ready for read in into 
the computer 32. 
Referring now in detail to the data receiving input 

circuit 34 illustrated in the logic block circuit diagram 
of FIGS. 2A and 2B which is utilized to receive the data 
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4. 
bit stream 12. The data words included in the bit 
stream 12 to be received by the input circuit 34, in one 
preferred embodiment, includes sixteen isochronous 
bit intervals in which the first or start bit interval has a 
1 logic state and the sixteenth or end bit interval has a 
0 logic state. When the binary encoded information be 
tween a start bit and the end bit includes the meter data 
of the associated meter, a meter identification code and 
a parity check bit interval preceding the end bit inter 
val. Accordingly, the first data word of the bit stream 
12 includes the meter information of the first meter and 
the last or Mth data word includes the meter informa 
tion of the last meter M. 

In one preferred embodiment, there are 288 meters 
and associated encoders which correspondingly have 
288 data word outputs transmitted in the bit stream 12. 
With data words including sixteen bit intervals, a con 
tinuous stream of 4,608 bit intervals or bits of informa 
tion is included in the bit stream 12 for a single readout. 
As noted hereinabove, the bit stream 12 is sent at a 60 
hertz rate derived from a commercial power line con 
ventionally furnished by electric utility companies. Ac 
cordingly, each bit interval is substantially 16.67 milli 
seconds within the normal tolerances of power line fre 
quency variations. As noted further hereinbelow this 
variation may be in the order of 0.05% over short dura 
tions causing possible accumulated errors in the data 
bit intervals within the bit stream 12. This variation can 
result in the bit intervals being displaced such that be 
ginning and end of adjacent data words in the bit 
stream 12 do not occur at exact regular intervals. 
The circuits of the logic elements illustrated in the 

FIGS. 2A and 2B are of the conventional and well 
known designs and include NAND gates, NOR gates, 
inverter, and line receiver gate circuits. The data input 
line 36 applies the data bit stream to a line receiver gate 
51 having an output 51A. The carrier detector signal 
on line 40 from the data set 31 is applied to a line re 
ceiver gate 52 having an output 52A. The gate 52 in 
verts the logic on the lines 36 and 40. The gate outputs 
51A and 52A are applied to a two input NOR gate 53 
having an output 53A which provides a data output 
corresponding to the data signals on the line 36. A stor 
age register 55 has 16 stages to provide a temporary 
storage and the demultiplexer operation for translating 
the serial format of each data word into a parallel for 
mat for readout on the 16 data bit readout lines 38A 
through 38P indicated at the right hand side of FIG. 2B 
which correspond to the 16th through the first data bit 
intervals, respectively. The storage register 55 includes 
a shift register SR having data, clock and reset inputs, 
a latch circuit including latches L1, L2, L3 and L4 and 
output driver gates DR associated with each latch out 
put. When the line 40 goes to the 1 state the gate 53 is 
enabled to supply the logic developed on the data input 
line 36 to the line 53A connected to the data input of 
the storage register 55. 
The set control (STC) line 42 and clear control 

(CLC) line 44 are connected to a flip-flop circuit 57 
formed by two, two input NAND gates 58 and 59 which 
are connected in a cross-coupled relationship with the 
output of the flip-flop provided by the output of the 
gate 59A of the gate 59. The STC signal 0 logic state 
produces a 1 logic state on the line 59A to enable the 
input circuit 34 to begin processing the data from the 
line 36. The output 59A is connected to one of the in 
puts of a three input NAND gate 60. A start circuit 61 
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is formed by the NAND gate 60 and the flip-flop 57 to 
provide either a start or a stop circuit function. For the 
stop function the input circuit 34 is rendered inactive 
when a 1 state is provided at the output 60A and for the 
start function the input circuit 34 is rendered active by 
the 0 state at the output 60A which can occur when a 
STC 0 state pulse signal is received on line 42. 
A synchronizing pulse generator 62 includes a one 

shot multivibrator circuit 63 having an input connected 
to the line 53A so as to produce a 10 microsecond 
pulse when triggered by the 0 to 1 logic transition pro 
vided from the line 53A. The generator circuit 62 fur 
ther includes a four input NAND gate 64 having one 
input connected to the output of the one shot multivi 
brator circuit 63. One enabling input to the NAND gate 
64 is provided from the line 53A and a second enabling 
input is provided from line 59A. A synchronizing pulse 
generator enabling flip-flop circuit 65 includes NAND 
gates 66 and 67 and provides the third enabling control 
signal input to the synchronizing pulse generator gate 
64 on the output 67A of the gate 67. Accordingly, after 
the input circuit 34 is turned on by the computer 32 at 
the STC input line 42 and after a 0 to 1 logic state has 
been applied to the line 40, a 0 to 1 logic transition on 
the line 36 causes a synchronizing pulse to be produced 
at the output 64A of the NAND gate 64. 
The synchronizing pulse on line 64A is applied to a 

two input NAND gate 69 having an output 69A. The 
second input to the gate 69 is applied from a NOR gate 
70 on the output 70A. The two inputs to the NOR gate 
70 are connected to the lines 52A and 60A. The NOR 
gate 70 is normally enabled by the carrier detector sig 
nal on line 40 to enable the gate 69 to produce the syn 
chronizing pulses on the output 69A which is con 
nected to one of two inputs of a NOR gate 71. The out 
put 71A of the gate 71 is connected to the reset input 
of the storage register 55. The other input to the gate 
71 is applied from an inverter 72 connected to the flag 
signal output line 48. Accordingly, either a flag signal 
or a synchronizing pulse signal resets the storage regis 
ter 55. 
An internal multiphase clock pulse generator 75 in 

cluding a free running multivibrator circuit 76 having 
an input connected to an inverter 77 and an output 
76A connected to both a four count counter 78 and a 
decoder circuit 79 which produces three multiphase 
clock pulses designated phase 1, phase 2 and phase 3 
clock pulses. The internal clock generator 75 produces 
pulses having a frequency of substantially four times 
the repetition rate of the data bit intervals included in 
the bit stream received at the data input 36. Accord 
ingly, the 60 hertz rate of the data bit intervals requires 
the output frequency of the multivibrator 76 to be ap 
proximately 240 hertz. 
The pulses from the multivibrator 76 are counted in 

the counter 78 so that a phase 1 clock pulse is the initial 
multiphase clock pulse and it appears at the output 
79A of the decoder 79 at approximately one-fourth of 
the interval of a data bit interval. The phase 2 clock 
pulse output 79B occurs at approximately one-half of 
the interval or at the center of a data bit interval. The 
phase 3 clock pulse is a later or last multiphase clock 
pulse of each bit interval and it appears on the output 
79C at approximately three-fourths of the interval of a 
data bit interval. 
The synchronizing pulse generator 62 synchronizes 

the multivibrator 76 with the beginning of the start data 
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6 
bit interval as more clearly understood from a descrip 
tion hereinbelow. The synchronizing pulse output 64A 
is connected through an inverter 80 having an output 
80A which is connected to the reset input of the 
counter 78. The input of the inverter 77 is connected 
to the output 80A of the inverter 80 for connection of 
its output 77A to the input of the multivibrator 76. The 
inverter output 77A provides a synchronizing input to 
the multivibrator 76 such that with each synchronizing 
pulse on the output 64A, a multivibrator pulse is initi 
ated at the beginning of the synchronizing pulse and the 
counter 78 is simultaneously reset. 
The phase 1, 2, 3 clock pulses have 0 logic states and 

the phase 1 clock pulses are applied through an in 
verter 83 to a two input NAND gate 84. The output 
84A of the gate 84 applies the phase 1 clock pulse to 
the input of gate 66 of the enabling flip-flop 65. The 
gate output 84A is also coupled back to an input of a 
three input NAND gate 85 which with a three input 
NAND gate 86 forms a flip-flop circuit by having the 
output 86A connected to a second input of gate 85. A 
second input to the gate 86 is connected to the syn 
chronizing pulse output 64A. The third input to the 
gate 85 is connected to the gate output 60A through an 
inverter 87. Output 85A of the gate 85 is also con 
nected to a two input NAND gate 88 having the other 
input connected to the feedback circuit from output 
84A. The output 88A of the gate 88 is connected to the 
second input of the gate 84 to complete the feedback 
arrangement of the gate 84 so as to assure that the 
phase 1 clock pulse is not missed. The phase 1 clock 
pulse from the output 84A is applied to the enabling 
flip-flop 65 to terminate the interval at the beginning of 
a data word during which a synchronizing pulse can be 
generated from the circuit 62. For purposes described 
hereinbelow the output 85A is connected to a two 
input NAND gate 89. 
The phase 2 clock pulse on output 79B is connected 

through an inverter 90 having an input 90A for produc 
ing 1 state pulses to a two input gate 91 having an out 
out 91A connected to a counting input of a 16 count 
clock counter 92. The reset input of the counter 92 is 
connected to the gate output 69A. The clock counter 
92 counts each of the phase 2 clock pulses and devel 
ops outputs on four output lines 92A, 92B, 92C and 
92.D. These latter named clock counter outputs are all 
applied to a four input NAND gate 93 having an output 
93A which goes from the 1 state to the 0 state when the 
15th phase 2 clock pulse is counted and returns to the 
1 state when the 16th phase 2 clock pulse is counted. 
The gate output 93A is connected to a two input 

NAND gate 95 having the other input connected to the 
phase 2 clock pulse inverter output 90A. The output of 
gate 95 is connected to the clock input of the storage 
register 55 so that the first through 15th phase 2 clock 
pulses sample the input data bit intervals at locations 
associated with the first 15 data bit positions of the 
storage register 55. Since the phase 2 clock pulses 
occur at the center of each data bit interval they are 
sampled at approximately the centers thereof by the 
clock input during the first 15 data bit intervals. 
The gate output 93A is also connected to an inverter 

96 having an output 96A connected to one of the two 
inputs of an input NAND gate 97. The other input to 
the gate 97 is connected to the phase 2 clock pulse in 
verter output 90A. The output 97A of the gate 97 pro 
duces a phase two clock pulse only at the 16th counted 
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phase 2 clock pulse. The gate output 97A is connected 
to an inverter 98 having an output 98A connected to 
the latch load input of the storage register 55. A 0 state 
pulse at output 97A simultaneously loads the first 15 
data bits in the shift register SR and the 16th or end 
data bit into the latch circuits L1, L2, L3 and L4. The 
data in the latches is held until after a flag signal on out 
put 48 is generated and the computer 32 responds to 
signal on address output 46 to trigger the driver gates 
DR. The driver gates DR are enabled to transfer the 
data from the latch circuits in response to the computer 
address signal so that the outputs 38A through 38P pass 
the complete data word into the computer 32 in a par 
allel data word format to a predetermined location by 
programmed control of the computer 32. 
The other output 97A of the gate 97 is applied to the 

third input to the flip-flop gate 86. The output 85A of 
the flip-flop gate 85 is normally gated from the 1 to the 
0 state by a synchronizing pulse is provided when a first 
0 to 1 state transition occurs at the data input line 36 
due to an initial start of a data bit stream or a false start 
noted below or is repeatedly gated from the 1 to 0 state 
by each 16th phase 2 clock pulse. The output 85A re 
turns from the 0 state to the 1 state at the beginning of 
the first phase 1 clock pulse developed thereafter on 
the clock output 79A. This output 85A is connected to 
one input of NAND gate 89 having an output 89A con 
nected to a two input gate 99 having an output 99A 
connected to flag output line 48. A NOR gate 101 hav 
ing an output 101A provides the other input of gate 99. 
One input to the NOR gate 101 is connected to the gate 
output 52A developed by the carrier detector logic on 
line 40 and the other input is connected to the phase 
3 clock pulse output 79C. The 16th phase 3 clock pulse 
is normally gated through the NOR gate 101 and to the 
gate output 99A to produce the flag signal on the line 
48. The flag signal indicates that the 16 data bit inter 
vals associated with a single data word have been re 
ceived by the storage register 55. 
Referring again to the phase 2 clock pulse on output 

90A, this output is connected to a two input NAND 
gate 102 having an output 102A connected to one 
input of a two input NAND gate 103 which has an out 
put 103A coupled back to the other input of the gate 
102. The output 102A is also connected to an inverter 
104 having an output 104A which is connected to an 
input of each of two input NAND gates 106 and 107. 
The other input to gate 107 is connected to the output 
53A of gate 53 on line 53A and the other input to the 
gate 106 is also connected to the gate output 53A 
through an inverter 108. The gate output 106A is con 
nected to a second input of the gate 60 so as to nor 
mally initiate a 0 logic pulse with a first phase 2 clock 
pulse of the first data bit interval of an entire data bit 
stream and thereafter remain at the 1 state. If a spuri 
ous or false start logic occurs, as described in detail be 
low, the gate 106 returns the input circuit 34 to a stand 
by active condition. 
The output 107A of the gate 107 is applied to a flip 

flop circuit 109 having two cross-coupled NAND gates 
110 and 111 with the output 111A of the gate 111 con 
nected to a two input NAND gate 113. The other input 
to the flip-flop 109 at the gate 111 is connected to the 
gate output 70A. The output 111A of the flip-flop gate 
111 normally goes from the 1 state to the 0 state at the 
phase 2 clock pulse of the first data bit interval of a bit 
stream and remains in the 0 state. The output 113A of 
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8 
gate 113 is connected to an output to gate 103 so that 
the output 113A and 103A change from the 1 to the 0 
state and from the 0 state to the 1 state respectively 
with the output 113A returning to the one state at the 
beginning of the first phase 2 clock pulse and the out 
put 103A returning to the 0 state at the end of the 
phase 2 clock pulse. 

Referring now to the flip-flop circuit 115 formed by 
the NAND gates 116 and 118 and shown at the right 
hand side of the pulse generator 62, the output 118A 
of the gate 118 provides the flip-flop circuit 115 output 
which is connected to one of the inputs of the gate 113 
and the other input to the gate 91. One of the two in 
puts to the gate 118 is from the synchronizing pulse 
generator output 64A and one of the three inputs to the 
gate 116 is from the gate output 60A as applied 
through the inverter 87 having the output 87A. The 
output of the gate 60 provides a stop control in re 
sponse to a CLC signal applied on the line 44 from the 
clear control output of the computer 32. The output 
87A signal is also applied as a stop control logic to the 
third input of the flip-flop gate 85. The third input to 
the NAND gate 116 is applied from a gate output 70A 
which goes to the 1 state at the beginning of the carrier 
detector logic signal on the line 40 and in the event of 
a false start produces a 0 logic pulse at the first phase 
2 clock pulse. Accordingly, the flip-flop. 115 output 
118A enables the phase 2 clock pulses to be applied to 
the gate 91 and to the clock counter 92 and further 
sends the output 113A to the 0 state until the first 
phase 2 clock pulse occurs at the first bit of the bit 
stream 12. In this manner, when the condition occurs 
that a start bit doesn't extend for at least one half of a 
bit interval it provides a false start and the phase 2 
clock pulses are inhibited from the counter 92. The 
gate 106 goes to the 0 pulse state during the phase 2 
clock pulse if the data bit logic 1 does not extend past. 
the time of the phase 2 clock at the first bit interval. 
The circuit is stopped by the gate 60 having a 1 state 
output pulse in response to this 0 state pulse and re 
turns the circuit 34 to the stand-by active condition. 

It is important to note that the output of the gate 99 
which supplies the flag signal output also applies an 
input to the third input of the gate 67 in the enabling 
flip-flop 65. The synchronizing pulse generator gate 64 
is enabled by the phase 3 clock pulse of the 16th data 
bit interval until the phase 1 clock pulse occurs during 
the next or start bit interval. Also, it is important to 
note that the gate output 69A is effective to reset the 
storage register 55 as well as reset the clock counter 92 
in response to the synchronizing pulse. 
The input circuit 34 includes a two position switch 

120 for providing the two modes of operation desig 
nated continuous and start-stop. The switch arm termi 
nal 121 is connected to a third input of the NAND gate 
60. An input contact 122A associated with the continu 
ous mode position is connected to a source of positive 
(-) voltage to establish a 1 state logic at the gate 60 in 
put. The other input contact 122B is connected to the 
gate output 99A providing the flag signal. The switch 
arm is placed in the continuous position, connecting 
terminal 121 and the contact 122A, for isochronous 
data and in the start-stop position, connecting terminal 
121 and the contact 122B, for the general type of asyn 
chronous data noted above. 

Referring now to the operation of the input circuit 34 
when the system is set for receiving the data bit stream 
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under preprogrammed control of the computer 32. The 
switch arm of switch 120 is placed in the continuous 
mode position. A clear control signal (CLC) which is 
a 0 pulse is initiated at a time when the computer re 
quests a data readout from the remote location 14. The 
data sets 24 and 31 establish a transmission link there 
between on the transmission line 26. The CLC logic 
pulse is applied to the input of the gate 58 and the flip 
flop 57 is triggered to produce a 1 to 0 output on the 
output 59A. The output 59A should normally be at the 
0 state therefore the CLC pulse does not change the 
flip-flop 57 and it is normally sent by the computer 32 
to stop or render the input circuit 34 to an inactive 
state so that no more data will be received for process 
ing. If the output 59A had been in the 1 state the CLC 
signal would have reset it to the 0 state. The CLC pulse 
produces a 1 to 0 logic change at the gate output 60A 
to inhibit the synchronizing pulse generator 62, the 
NOR gate 70 and the flip-flop gate 85 which is nor 
mally responsive to the phase 1 clock pulses. The com 
puter 32 then sends a set control signal STC which is 
a 0 state pulse that produces a 1 state at the flip-flop 57 
output 59A. This provides a 1 to 0 logic state transition 
at the output 60A of the gate 60 and, correspondingly, 
a 0 to 1 logic state transition at the inverter output 
119A. The input circuit 34 is then conditioned to an in 
itial condition in the active state to thereafter receive 
and continuously clock the data bit stream signals from 
the receiving data set 31 into the register 55. 
A carrier detector signal is transmitted by the data set 

31 to the line receiver gate 52 which output 52A goes 
to the 0 state and remains during the time for data 
transmission of the bit stream 12. The gate output 52A 
enables the gate 53 by going from a 1 state to the 0 
state. The gate 70 has its output 70A go to the 1 state 
since its other input has gone to the 0 state with the 
STC signal. This produces a 1 to 0 transition at the out 
put 69A of the gate 69 and a 0 to 1 transition at the out 
put 71A of the gate 71 so as to apply reset logic to the 
storage register 55 and also to the clock counter 92. 
The logic change at gate output 70A does not change 

the 1 state of the flip-flop output 111A at this time. 
Also, the output of the gate 52 which is applied to the 
NOR gate 101 is not material at this instance since the 
output of the gate 101 is connected to the gate 99 
which output 99A develops the flag signal on the line 
48 and remains at the 1 state. 
The first data condition described is for a false start 

pulse which occurs when the first signal received is a 
short 1 state logic pulse which might result from spuri 
ous or noise signal sources. This pulse is applied to the 
data input line 36 and gate 51 which, in turn, produces 
a 1 pulse from the gate output 53A, which is applied to 
the data input of the storage register 55 to indicate the 
bit logic of a first data bit interval has been received. 
The gate output 53A is also initially sent to the syn 
chronizing pulse generator gate 64 and concurrently 
the one shot multivibrator 63 produces a synchronizing 
pulse. The inverter output 108A provides a pulse input 
to the gate 106 but it is not gated through at this time. 
The synchronizing pulse generator 62 initiates a 0 state 
synchronizing pulse at the output 64A at this time in 
response to the logic change at the gate output 53A 
since the enabling flip-flop output 67A is at the 1 state. 
The synchronizing pulse triggers the flip-flop gate 

118 to enable the gate 91 connected to the input of the 
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10 
clock counter 92. This produces a 0 to 1 output at the 
gate output 103A to enable gate 102. Also, at this time 
the synchronizing pulse triggers the internal clock pulse 
generator 75 so that the multivibrator pulses are intially 
in phase with the beginning of a 0 to 1 logic transition 
at the data input 36. The phase 1, phase 2 and phase 
3 clock outputs 79A, 79B and 79C are produced se 
quentially at the one-fourth, one-half and three-fourths 
intervals of a data bit interval. The phase 1 clock pulse 
is gated through the gate 84 which triggers the synchro 
nizing pulse enabling flip-flop 65 so as to inhibit the 
synchronizing pulse generator gate 64. 
The feedback loop portion of the gate output 84A re 

verses the state of the gate 86 and the other flip-flop 
gate 85 which does not effect the output of the gate 99 
but the gate 85 is triggered by the phase 1 clock pulse 
sent back from the gate output 84A. This returns the 
output of the gates 86 and 85 to the 0 and 1 states, re 
spectively. The output of the gate 87 returns to the 0 
state at the end of the phase 1 clock pulse. 
The phase 2 clock pulses then occur and are gated 

through the gate 91 to reset the clock counter 90 and 
through the gate 95 to the clock input to the storage 
register 55. The phase 2 clock pulse is not gated to the 
gate 97 but is gated through the gate 102 so as to be 
gated through the inverter 104 to gate 106. Since the 
spurious 1 state input pulse extended for less than one 
half bit interval, the gate output 53A will be at the 0 as 
it was before the spurious or false start input pulse. This 
enables the gate 106 so the phase 2 clock pulse is gated 
to the gate 60. This doesn't occur when the first or start 
bit has the normal bit interval duration. The gate out 
put 60A pulse is gated through the NOR gate 70 and 
the gates 69 and 71 to reset the clock counter 92 and 
the storage register 55. The phase 2 clock pulse also 
produces a triggering pulse at the flip-flop formed by 
the gates 116 and 118 to return the gate output 113A 
to the 1 state and the output of the gate 103 to the 0 
State. 

Thus, a false start (logic 1) pulse initiates a synchro 
nizing pulse and the phase 1 and 2 clock pulses with 
later pulse returning the input circuit 34 to a standby 
or initial active state. The clock multivibrator contin 
ues to run but no circuit operations occur in the logic 
blocks shown in the circuit 34 in FIG. 2. The phase 3 
clock pulse is not gated through the flip-flop gate 85 
and the input circuit 34 is set to receive the first data 
word of a bit stream 12. 
Referring now to when the start bit of the first data 

word of an isochronous transmitted bit stream 12 is re 
ceived at the input circuit 34 after the circuit is condi 
tioned in the standby active state so as to be ready for 
operating in the active continuous clocking mode. The 
data input line goes from the 0 state to the state and 
the circuit initially operates as just described above ex 
cept that the gate 106 is inhibited from gating the phase 
2 clock pulse to the gate 60. The gate 53 produces the 
1 state logic at the data input of the storage register 55 
during the first or start bit interval. The gate output 
53A initiates a synchronizing pulse on the output 64A 
as a 10 microsecond 0 state pulse to reset the clock 
pulse counter 92 and the shift register 55. The flip-flop 
gates 118 and 116 are triggered to the 1 and 0 output 
states respectively in response to the synchronizing 
pulse. The gate output 113A is gated to the 0 state and 
the gate output 103A is gated to the 1 state. The gate 
output 85A goes to the 0 state to cause the gate 87 to 
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go to the 1 state, and the synchronizing pulse is applied 
through the inverters 80 and 77 to reset the clock pulse 
generator counter 78 and synchronize the output of the 
multivibrator 76 with the beginning of the start bit in 
terval. 
The phase 1, 2 and 3 clock pulses are initiated from 

the decoder 79 to continuously operate the input cir 
cuit 34. The phase 1 clock pulse is applied to the in 
verter 83 which is gated to the gate output 84A. The 
feedback of the output 84A returns the gate 85 to the 
1 state and the gate 87 to the 1 state at the end of the 
pulse from the output 84A. The phase 2 clock pulse oc 
curs at substantially the middle of the start bit interval 
and is gated as a 1 state pulse from the inverter 90. This 
pulse is gated through the gate 91 to be counted as a 
first pulse count in the clock pulse counter 92 and a 
pulse is gated through the gate 95 to the clock or input 
of the storage register 75 to sample and advance the 
count of the register by one count. 
The phase 2 clock pulse is also applied to the gates 

102 and 97 where it is gated through the gate 102 at the 
initial start bit of the bit stream 12 but not the later gate 
which will only gate the 16th counted phase 2 clock 
pulse of each data word. The inverter 104 gates a 1 
state phase 2 clock pulse to the common pair of inputs 
of the gates 106 and 107. This triggers the output 111A 
of the flip-flop so that a 0 state is initiated. This triggers 
the gate output 113A to the 1 state and the gate output 
103A goes to the 0 state at the end of the phase 2 clock 
pulse where it remains for the remainder of the bit 
Stream. 
The phase 3 clock pulse output of the internal clock 

generator 75 is gated through the gate 101 but the out 
put of the gate 99 is inhibited until the 16th counted 
phase 3 clock pulse as described below. This clocking 
operation continues through the second through the 
15th data bit intervals with the clock generator 75 de 
veloping the phase 2 clock pulses for increasing the 
count of the clock pulse counter 92 and clocking in the 
shift register data input during the middle of each data 
bit intervalso as to be temporarily stored in the storage 
register 55. 
When the 16th or end data word bit interval is 

reached its logic is always at the 0 state on the data 
input line 36. The 16th phase 2 clock pulse causes the 
16th bit logic to be clocked directly into the latch cir 
cuit L1. The preceeding 15th count of the phase 2 
clock pulses produces an output of the counter 92 so 
as to produce a 1 to 0 logic output of the gate 93 which 
remains until the 16th clock pulse is counted. This gate 
output 93A is inverted by the inverter 96 and applied 
to the gate 97. The 15th phase 3 clock pulse is not 
gated further than to the input of the gate 99. As the 
16th phase 2 clock pulse, the clock counter 92 and shift 
register are updated as usual. The gate 97 gates the 1 
state of the phase 2 clock pulse input since its other 
input is held at the 1 state by the output of the gate 93. 
The gate 93 returns to the 1 state at the end of the 16th 
phase 2 clock pulse so as to gate the 16th phase 2 clock 
pulse through the gate 97. The output 97A is applied 
to the inverter 98 at the latch load input of the storage 
register 55, to load the data stored in each of the stor 
age register stages and be applied to the 16 output lines 
38A through 38P of the storage register 55. The out 
puts of the flip-flop connected gates 85 and 86 are trig 
gered to the 0 and 1 states, respectively. This triggers 
the output of the gate 88 to the 1 state. 
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The 16th phase 3 clock pulse is applied to the gate 

101. The output of the gate 85 is at the 0 state so that 
the gate output 89A goes to the 1 state and causes the 
phase 3 clock pulse to be gated through the gate 99 to 
provide the flag signal to the computer 32 on output 
48. The flag pulse is also gated to the inverter 72 and 
gate 71 to reset the storage register 55. The flag pulse 
also triggers the synchronizing pulse enabling flip-flop 
65 so that the output 67A goes to the 1 state where it 
stays for one-half the length of a data bit interval during 
one-fourth the interval before and after the end of the 
16th data bit interval to enable the synchronizing pulse 
generator gate 64. 

If the 1 state of the next data word sta.rt bit interval 
is present, this logic on the data input line 36 is gated 
through the gate 53 to the storage register 55. This con 
tinuous mode of operation continues since the 1 state 
of the gate 53 generates the synchronizing pulse from 
the synchronizing pulse generator 62 on the output 
64A to resynchronize the internal clock pulse genera 
tor 75 and clock-in 16 data bits into the storage register 
55. 

If the proper logic 1 is developed by the data input 
36 while the synchronizing pulse generator 62 is en 
abled the multivibrator circuit 76 in the clock genera 
tor 75 is resynchronized and the clock pulse generator 
counter 78 is reset to begin the multiphase clock out 
puts from the clock generator 75. The phase 1 clock 
pulse returns the output of the gate 85 to the 1 state 
and is gated from the output of the gate 84 to the input 
of the synchronizing pulse enabling flip-flop 65 to ter 
minate the 1 state logic by triggering the output of the 
flip-flop 65 to the 0 state on the line 67A. The output 
88A of the gate 88 returns to the 0 state and thereafter 
the circuit operation is as described for the second data 
word bit interval through the 16th bit interval. 

In the case where the 1 logic state is missing, during 
the one-fourth interval before and after the end of the 
16th bit intervals, a synchronizing pulse will not be gen 
erated by the generator 62 and an unsynchronized con 
tinuous mode of operation develops in the input circuit 
34 as described below. 

In the event that the start bit interval does not have 
the initial logic 1 state to initiate the asynchronous 
mode of operation for receiving the next 16 data word 
bit intervals, the following mode of unsynchronized op 
eration is provided. The gate 64 and the synchronizing 
pulse generator 62 remains enabled at the time the start 
bit logic 1 should initiate a synchronizing pulse output 
but will fail to do so in the absence of the start bit 1 
logic on the output 53A. The internal clock pulse gen 
erator 75 continues operation since the multivibrator 
76 continues to generate the pulses without being re 
synchronized and maintains control of the input circuit 
34 for the next 16 bit intervals. The counter 92 restarts 
counting at the count of one since it has reached its 
maximum count of 16. The first phase 1 clock pulse is 
gated through the gate 84 to terminate the enabling 
logic state at the output of the flip-flop 65. The first 
phase 2 clock pulse is counted by the counter 92 and 
the shift register 55 samples for the first data bit inter 
val. The data received for the data word having the 
missing start bit 1 logic is lost but the circuit is cycled 
through to the 16th or end bit interval as described 
above under control of the multiphase clock pulses 
from the clock generator 75. This maintains the clock 
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pulses synchronized with the last previous data word 
having a start data bit. 
The input circuit 34 will be resynchronized upon the 

next 1 bit logic occurring at the start bit position fol 
lowing a 0 state end bit. This permits the circuit to be 
conditioned for synchronization with the next data 
word start bit position every 16 bit intervals after pro 
cessing a data word having a missing start bit. When the 
next start bit 1 logic occurs the input circuit 34 will 
commence operating as described above and therefore 
operate continuously. 

It is important to note that the system will not resyn 
chronize if, also, the end or 16th bit interval is at the 
1 state rather than the 0 state. The logic state of the 
gate output 53A must provide a positive transition at 
the input to the one shot multivibrator 63 to trigger a 
pulse. Accordingly, a 0 state to 1 state, transition is re 
quired between an end bit and a start bit to produce the 
synchronizing pulse at the output 64A of the pulse gen 
erator 62. The input circuit 34 is synchronized to the 
bit stream 12 upon the end of the 16th bit interval in 
cluding a 0 logic state followed by a 1 logic state. 
The above description is for the continuous mode of 

operation when the switch arm of the switch 120 is in 
the corresponding position engaging contact 122A as 
illustrated in FIG. 1. This operation, as described 
above, is required for the isochronous data bit trans 
missions. The start-stop mode of operation is provided 
when the switch arm of the switch 120 is in the alter 
nate position engaging contact 122B. This is required 
when an asynchronous data transmission is being re 
ceived with the end bit duration extending more than 
a single data bit interval. In one preferred embodiment, 
the data word format is the same as described for the 
isochronous except that the end bit duration of each 
data word extends from about one and one-half to two 
data bit intervals in the data bit stream. 
With the switch 120 in the start-stop position, the 

switch contact 122B and the terminal 121 connect the 
flag signal output from the gate 99 to the input of the 
gate 60. This provides the same operation as described 
above for a false start condition when a pulse is initi 
ated by the gate 106 to the gate 60. This returns the 
input circuit 34 to the stand-by condition so that fur 
ther operation is stopped after an extended data bit is 
received. The start bit of the next data word restarts the 
circuit as described. In this mode any duration may 
occur between consecutive data words. 
While a preferred embodiment of this invention is de 

scribed hereinabove it is to be understood that modifi 
cations can be made within the spirit and scope of this 
invention. 
What we claim is: 
1. A decoder input including a data receiving circuit 

for maintaining synchronism with continuously re 
ceived binary encoded data including regularly occur 
ring start and end of word information subject to ran 
dom omissions of said start information, said data re 
ceiving circuit, comprising: 
data input means receiving an isochronous data bit 
stream characterized by a continuous series of bi 
nary coded data words having a common N num 
ber of data bits including start and end bits of first 
and second binary states, respectively, and wherein 
the interval of each data bit is subject to small Vari 
ations relative to a predetermined data bit interval; 
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internal clock means continuously generating multi 
phase clock pulses in a predetermined order in 
cluding first, second and third phase clock pulses 
consecutively occurring during an interval substan 
tially equal to said predetermined data bit interval, 
and wherein said multiphase clock pulses have 
commonly adjustable phase relationships relative 
to each interval, 

storage register means recurrently entering each of N 
data bit intervals occurring at said data input 
means under shifting control of said second phase 
clock pulses; 

pulse counter means responsive to said second phase 
clock pulses and recurrently counting from a first 
count to an N number count of said second phase 
clock pulses; 

logic control circuit means firstly responsive to said 
third phase clock pulses when coincident with said 
N number count of said pulse counter means and 
secondly responsive to said first phase clock pulses 
when coincident with a first count of said pulse 
Counter means, 

enabling circuit means developing an enabling pulse 
controlled by said logic control circuit means such 
that said enabling pulse extends between the con 
secutive occurrences of said firstly and secondly 
named responses of said logic control circuit 
means; and 

synchronizing circuit means generating a synchroniz 
ing pulse effective to coincidently adjust the phase 
relationships of said multiphase clock pulses in re 
sponse to the transition from the second to the first 
binary state at said data input means when the last 
named transition is coincident with said enabling 
pulse such that the interval of each of said start 
data bits is synchronized with a second phase clock 
pulse at said storage register means and upon ab 
sence of one of said start bits the data word associ 
ated therewith is entered into said storage register 
in synchronism with the last previous data word 
containing a start data bit. 

2. The decoder input including a data receiving cir 
cuit as claimed in claim 1 wherein said first, second, 
and third phase clock pulses have substantially equal 
time spaced relationships between the ends of each 
data bit interval such that said enabling pulse enables 
said synchronizing circuit means to initiate said syn 
chronizing pulse for substantially one-half of said pre 
determined data bit interval during the end and start 
data bit intervals of consecutive data words. 

3. The decoder input including a data receiving cir 
cuit as claimed in claim 2 including means generating 
a flag signal in response to said third phase clock pulse 
occurring during the end data bit interval of each data 
word such that said flag signal indicates receipt of N 
data bit intervals at the storage register means. 

4. The decoder input including a data receiving cir 
cuit as claimed in claim 3 wherein the synchronizing 
circuit means includes a one-shot multivibrator circuit 
for producing a pulse in response to the transition from 
the second to the first binary state, and further includes 
a gating circuit means connected to said one-shot mul 
tivibrator circuit, the enabling circuit means, and the 
data input means for being initially enabled by the coin 
cidence of the enabling pulse and the first binary state 
of the data bit stream at said data input means to pro 
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duce the synchronizing pulse in response to the multivi 
brator pulse. 

5. The decoder input including a data receiving cir 
cuit as claimed in claim 2 including start circuit means 
responsive to an external set control signal to operate 
the data receiving circuit from an inactive operative 
state wherein said data receiving circuit is inhibited 
from processing the data bits to said storage register to 
a standby active operative state wherein said data re 
ceiving circuit is enabled for initially receiving and ac 
cumulating data words prior to receiving said data bit 
stream being applied to said data input means where 
upon said data receiving circuit is rendered to a data 
processing active operative state. 

6. The decoder input including a data receiving cir 
cuit as claimed in claim 5 including a false start logic 
circuit means responsive to the coincidence of the oc 
currence of a second binary state at said data input 
means immediately following an initial momentary oc 
currence of a first binary state for less than substan 
tially one half of said predetermined data bit interval 
and, upon the beginning of the occurrence of a second 
phase clock pulse so as to signal said start circuit means 
to render said data receiving circuit into said inactive 
operative state following the false start condition due 
to the first binary state signal which returns to said sec 
ond binary state before said one second phase clock 
pulse occurs, and further wherein said false start logic 
circuit means returns said data receiving circuit to the 

16 
standby active operative state at the end of said second 
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phase clock pulse thereby conditioning the receiving 
circuit for initially receiving a first data word of a bit 
Stream. 

7. The decoder input including a data receiving cir 
cuit as claimed in claim 6 including further circuit 
means responsive to the third phase clock pulse occur 
ring during an end data bit interval and further includ 
ing switch means for selectively connecting and discon 
necting said further circuit means to said start circuit 
means so that when said switch means connects said 
further circuit means to said start control circuit said 
further circuit means is effective in response to said last 
named third phase clock pulse to momentarily render 
said data receiving circuit to the inactive operative 
state and thereafter return the data receiving circuit to 
the standby active operative state, whereby, a bit 
stream including asynchronous data with an end data 
bit having a duration longer than a single data bit inter 
val is receivable by said data receiving circuit so as to 
be enabled to said data processing active operative 
State. 

8. The decoder input including a data receiving cir 
cuit as claimed in claim 6 wherein said predetermined 
data bit intervals of said bit stream have a sixty Hertz 
frequency rate. 

9. The decoder input including a data receiving cir 
cuit as claimed in claim 8 wherein N is equal to 16. 
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